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G@IJMERMSTER RtESEARCH & ENGINEERING CMMAND 03S ARMY

Major General Andrew T. McN.m
The Quartermaster General
vashington 25, D. C.

Dear General Mc~amara-

This report, *The Use of Short Wav'Uelltra-Tiolet Rav for the
Segregation of cominirgled Skeletal Rowdans,'K discusses one of the.

reacti~in as a means for separating eamingled skeletal rezains.

Altivw'h Wei method will not dirferentiate bet~ween individuals in allMi ecases, the 3ii~picity of the appwatus required and the speed of reso-
lution make it a valuable adjunct 'to routine field operations. It.
represents another tool In the Quartermaster Corps effort to achieve
better .Identirication of the Aruy's wartn deaL.

Sincerely your@,

EP-98 "pjr Generl WA
Consanuding I
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/" ~Foreword •

The identification specialist is often cowfronted ith.
human skeletal remains that comprise two or more individuals. .- . - '.-- .
By using a combination of standard techniques, such am articu- ..- '"- .. " -

latton, bilateral an serial sywastry, osteonietry, and recmn-
struction, he may achiev accurate segregation af'ter lorg and "L -... '. ./

".• ~ ~carefu~l anelyial. As a part of tha Quartermaster Corps r•esear -- "--h
program to improve present identification techniques, as aw ef..l• .•
as to devise new methodology for the identification of American

• ~~~~war deadl, the present studyv describes and evaluates a fast and"'"i:

simple teut for sorting individual remains from mixed burials. J I

Based on the reaction of bone to ultra-violet irradiation",
this report suggests that individual color differences ay be - .
used to segregate co..air~gled skeletal remains, either an a
primary technique or as a supplement to present methods. ,

•- ,. .,.: . .'....-. •

AUSTIN HENSCPM, Ph.D.
Chief -_,- -

Environmental Protection Research j-;-:

•: ~~~~~~Division - '' -"-,"

Approved:

CARL L. WHITNEY, Lt Colonel, QM ,
Comanding Officer
QK R and E Center Laboratories

A. STUART HUNTER, Ph.D.
Scientific Director 77
QM Research & Engineering Command
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AbstractA

MiWen bone as..rfaces are exposed to short wave ul~trar-

viltii radiati.Ln, most, of thenmfrltect. a vas'ictY Of ..-

colors. The wide range of color emission, as wel! as the ..

fixed relationship of these color3 to the 3ubstancea C1
emit them# is Justification ror attempting to apPly t~hese
qualities to the segregation of coawdjiged skeletal reaairli.

After dewinstrations of the results of ultra-violet
exosure on a large sample of skeletal mateil ti

suggested that short wave ultra-violet lamqs caxý be uised
in ce.-tain ins3tahcesa for the accuradte sorting of comaingis -d-

remains.
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Trg UM OF WO U WAVE • .TR-Vl10t RATS " " -
TM - WuI0ZATICS or COLMILED 21.•=AL RXAD-

1. .itr~odueatl _.... n[

Ultra-violet rays %ae a useful propert•y tich depends nu o -
the poIwr possessed by certain msbstances to absorb them and
emit or re-emit radiations visible to the himan eye within the'-
relatively narrow ultra-violet region. Mien this emission * -

phenow-non lasts Only during the period of excitation, it is
known as fluorcoence avd asually results from the simplest -

form of exposure.

KwW substances, both inorg&nic and organic, floreosc7
under ultra-violet irradiation and ma be identified by their
characteristic colora. For example), aineralogists and petrolo- -

" gists halv long used ultra-violet surces to detect the presence
of various minerals. Calcites fluoresce red to violet, fluorites
show up as red specks. hydrocarbons are yeLlow, and uranium is
green (Radley and Grant, 1954). This sam prucedure has bees
employed by edical daagnosticians idto cm identify certain
animal tissues by their colors. Fatty tissues generally fluo.-
resce a stront blitisb color, tkyroid is reddish, ani the pancreas
a brown-yellow MDake. 1942). The more compact the tissue, the 0

strmwWer is its fluoresc.c-ne, thus, tendon fluOresces more than
muscle, and bone has a still brighter flucre.cence. Bone fino-
rescence is uzually whitish with an occasional yellowish cant. -
.HMcver. bone altered by disease, burning, or decalcification
m..y show changes in fluorescence (Hoshijima, 1933).

Because of these known color changes ir. the fluorescence
of bve and the qualitj of -flu,re3cing ubStances to emit charac-

*'. ".terisLic colors. the preser.t inveStigatIoD was made. This report. h
will dpacribe and evaluate the use of ultra- violet irradiation
on cadaver and arwhaeologic&,] bone as a means for segregatin.
,om-ringled s;eletal re-_ains.

2. Material-s wA mettods

To insure, a complete coverage of ultra-violet activity, .
"the bone samples used for the present investigation had to
represez different geographicsl areas, racial groups, skeletal "j

age groups. chronological horizoms, both sx,-., and varying
•stages of deco=po3ition. Access to V.'e ext. 5sve s,•eletal col-

• lection houw.d in the U.S. National ltiseuu was of gr\-at assist-
ance in meting these criteria. Thus, the sauple included s 5-
mens from many parts of the world (eight areas of the United

rf " .�States, Alasks, Peru, Pata••nia, Japan, China, PhIllippines,.

h.
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Russia, Iraq, Palestine, Egypt, Italy, Gervany, Sweden, and
Ireland) and six racial groups (Cauc&a3ld, Mongoloid, American

Indian, Ainu, Negroid, and NeanderttaLO).

"Most skeletal age groups were re.•rezLted (from fetal to - _
aiult specim.ns) and both male and fenale remains were used
when avai'able. The bone sampls were cozpletely skeletori"sed
and included fairly recent cadaver re:.&ins (Huntington collect-

ion, see sect.5e), as Well as archaeolcS.ca2 mate riAl dating from
the Laiddle liiti. century A.D. back to a•.roxiuatel 4000) years

B.C.

All skeletal material was expose!, uLner varytnp conditions,
to a portable ultra-violet light (2537 angstrom wuits). .

3. Rai!ne or color

Under the ultra-Violet lamp, h-. rAnge of colors emanating
from most of the bone surfaces was sur-irisingly wide, including

Le varying sh-udes of red, orange..yellow, green, blue, purple, arnd
brown.

as Cadaver material

Most cadaver bone emitted a white, ;3le yellow, or light
green fluorescence, especially from tWe sh3efts Of the long
bones and the flat surfaces of the other skeletal members. On
=,iy of these bone-s, light blue, nonr-fluorescent spots appeared
on the areas of articulatlon. Paired cctdaver humeri exhibited
equal color intensities as %V1 as zi5aýir color patt•-n•ing,
e.Z.,the patterns of light blue sots wpre approximately the
same fsr both right and left bones, .ere seemed to be no
distinguishable color or pattern diffe.rces between the sexes
or racial groups.

b. Archaeolog.1 -al mzterial

The color range for arehaeological material was much more
varied. For ezample, bone.s fro Illinais were reddish-purple,
from Egypt, yellow-brown, and from Falestine, pink. For the
most part, bleached bones from Japan and Peru showed no fluo-.
rescence or color reflectance. In saw cases, slight shadings
of blue could be detected; this was wro hbly whers bleaching
was not complete.

* The Neanderthal material consisted of long borw frraaent"s
from Sianidar Cave, Iraq. I .

2
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1. ourres of color 0 0 . q
Before the ji-vblex of se6re'%tIiCu 13 considered, it night

welwel to point out som of Ore kneim sources for the color seem
* under ultrz.-violet irrpdiation. Gene-rally, these sources may be

classified as fluorscenes and reflectod U.Iht.

a. Fluoresceuiee. 1

Fluores'ernee accounts for nm,.t of the color radiat-icmsem
in bonie. The ultra-viclet ruys excite certain organic el-~mets,

(e.g., organic fI aj which In turn fluoresce (flake, 1942). Thus,%
the radiated color is direwt~y related to the elements present.
the bone surfaces. B3lendin~g trith or smaetims completely over-

iminurities which z..y be introduced to the Lone sufaces from the

surrounding environnent. For ex-mpIe, the burial of h~zi reiaains
r.usuall~y starts a variety of chenical IntearctUms between the bons

adisburial envlrorawnt which =V add a number of iriorgaaft
subs-tan1~e3 to the bone maz-facei~., all eintt~ing their own charao-
ter13t~iC color patterns (see s-cL. 1,.. -

Th wo scr mpled experima entos w here anfocd showed wnotrace UA
iprtadns e ofpe suraecondly, sat oun tsof co or l emsitnh a irrt,
a q.deIu contcnt oferbbdit the surfaceare of frlaices (achaeooial),
bhich unti -ie utreddqish-prl cundirtio e utallvioilet soil tracs

had disappeart-d. Before this applicat-icn, wnder ultra-violet 01- .

posure,the cadaver bone had demonstrated only a whitish fluan-
rescetice. Altter applicatica.~ uriler ultra violet exposure the- ..

rubbed areas were blue.

b. Reflected light

Althou,ýh a rzalority cf the ultra-violet rqy-% are absorbed by ~
the bowe surfa:e. a ct-rtain ijercvntage. which 4rarles depending an
the ccnidltion of the tznve is refler~ted back. This reflected blue

light (blue &ea ýeof U.'*e blue filter used in the ultra-violet

org.-wic or incrgaraic nuorescence. or A =Vaj' reL- blend withj
that of *he flu.orescing rubstanices

A ~ctually, this re'.ctirjn is -Aw of replacemenrt (fo3silizatiCO)
in which organic el-nrrnts ame replaced by inorganic. Stuiois
havs !&~own that soie of the orgamnic constituents of bone arem
more slowly lost or re-plACed than otheri. ?or erxanp1e, certain
amino acids have bo-% irie:,tifien 1-1 boneWs of great arcihaeological . .*.. .

age (ftra and Cook, J~'7 an~d Abelson, 1957).
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To smwarise:-. the visiblP yleinse udrutavoe

exposure cwanot be identified as sololl borme fluorescence, but
represenits a comibination of:l) the. fluorescence of orgafic sub-.
stances, 2) the fluorescence of variabl, quantities of m~ineral
sub~stances Introduced to the bone surfaces from t.e exteral ell-
vlrwukmnt, and 3) the reflected blue filter color or the ultra-
violet SOWT*.

5 Segreati -of coin~led remains-

Samples of mixed -keletal rejaiIns wre exposed to ultra- t
violet irradiation to test the suitability of this mthod for

idew 4catia, 2) The samplesec o ,riangedfo m~itxon ossar maeri.al ......

(from a number of archaeological sites) and single burials to
cadaver bo d in varying stages of decofposition. Each sample
Was oejt*oe to short wave ultra-violet rays and sorting of ndi-.
viduals was attempted solely on the basis of'color differences.

Th f lluiges ofmixed M.kltlrae thigns eral rgex e tof reultrs.•'.0 -

a. Virg~inia ossuary

?boe tirr iatifrom this ossuary was al from the s tAo pit
i~vd e r tid thxeo individuals. The bones were extremely fria-
be ad ented. Unoer the ultra-violet lamp, the bones btcame
adappled pink and slight stae differences between bones were

;ipp brent. However.. p, e segreg.atIon of iandividual skeletons
.dalsed an thebas..shadino l differences was.not feasible.

b. mtodruff ossuary, Kansas t

Th•rep-nted threeil in ;41c bneduplicatieones wereou ext re e xyft- .

posei-d tr ente er-olet iraathtion.ExposuY ro&iced red, purple * ,
Syellow cbinations, And it wa f d airly e csy too distinguish and

segregate the extra bones from the three burials. Hcw-ever, mixedfetal remains from a single burial could ro. be differentiatel by

clralon..

C o Ill'inois burials frot adjoining countlev (CSl_.o-n
* a:&ad ýJqrsei). -

Both burials were complete and cam from approximate•y te.
name tyle of soil. Umder ultra violet ex.csure, all bone s.-fraces
appeared reddish-blue but differences in color shading between
burials amd accurate segregation possible. It was fo'nd UhAt &hadiz•k

L difforences arm not ir.edi.tely noticeable but are detectable after
the bow* has been exposed for approxitatply 30 seconds. This delay _

W• be due to normal visual adaptation or may be cornected in o0. .
w#, to the function of the exciting process of the rays.

. .9 .

'1..-
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". ,aterial fr Pact ... &ma. Peru

.This saple consiste.d of pa-ts of t n• -burials from tM.&aae archaeological site in Peru. Ultrae-violet *xposwe""",'i• :. '

p•roduced distinct color differences (Fig---v 1) und the sorting
of individual rem.ina was saucessfullr performed.

e, ",'xed c..daver material

The cadaver material for this investigation "as selected
frca the Huntlngton collection; this collecti-3n vas started
a.-,nd 1905 and has been periodically ernarged. In most cas%
s-gregation of individual bons was acco-i.shed by observing
t-,e color differences &Z Wel as the dept-h an! shade of coLor..
Ilso, in cada-er bone, the color is usuat-Y spotty anid f•r
ccxlex patterns (see sect. 3a). Thus, i- a mixture of paired
h'•meri, the bones belcrging to sone individua~ls were differ- -..-.... '

er.tiated on tVe basis of color similarity, while in cas wheo ..re-
color differences counl not be detected, sortixg was dmm 1,
catching -dzilar patterns Of color. _

The abov- tests •iave shown instawces **er segregation b.
u"tra-violet irriadion was easily accc-Iished, either throv'g
c serred color differences or, as in so= of the cadaver material,,
k y means of color patterning. In other cases, differentiation
"-as inposslble. Cr.lor differences wze either not prestnt or
not great enough to be relied upon for identificaticn p.Arposes.

It is diff icult to evaluate these re ts in the ,-anti-
-. ti- e terms usu"aly aplied to the_ introd>..ctian of nev e,---od-
"" " r !3,eca%.se of the •.my variables ir,-uencing I-he radiant
elezents of a bone, at •ny given time, f-r ay given ?1.ac*, it "
vzm'ld be xearin;less to tabalate th• pe-ezaes of the no-

.- cesSes and f$,slures in tSe pres$t investiZati.. -.

. To s-lrize:- the results inidicave that zltra-ioaet"
" ,rr.adiatirn can be used in s cases tc d in the sorting of

-i-_xed skeletal remains. Tb.is technique !'as two distinct ad-
vinta-es over the stan.i-d methods of segregatien (articuleation,
b-i.ateral and serial sy-metrv, osteomet.r., etc.). First, it is
• .st. The process of ckservation :--nd ses-te1 &ati, can be at-

cozplished in a matter of seconds. Secotn, it is si.Ieo The
.-ivestigater can tell at the zaent of e.':-iue •hetter h:i3

effo-t •wil be successf-u. Se Sees either distinct A drama•tc
cclor differences or undifferentiated ur- o."dti.

A l

5 0
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6.. mairy and conclusiorns

The present study waseinitiated for the purposes of describing
the reactions of various stages of post-mortem bone to ultra-violet
irradiation ad to evaluate these reactions in- terus of their use
as a tool for t segreation of comikingled skeletal remains.

A knowledge of the range of color produced by ultra-violet
-"exposýur was obtained frcm bone samples (both archaeological and
cadaver) that represented various geographical areas, different -
racial and skeletal age groups, distinct chronological horizons,•
and both sexes. A wide range of color, which included most colors
in the visible spectrum, was demonstrated.

Based an this wide color range of irradiated bone and on the
evidence that most colors are consistent in characterizing the .
particular substances that emit them, tests were undertaken on.. ."

*~~ c igled borne samples to domonstz ate the possibility of segre-
gating individuals by means of color differences. The results -T

shaved that in a majority of cases, the sorting of individual
rezains an the basis of differences in observed color was easily
accomplished. This was true for both archaeological and cadaver

"K - rsaims. Moreover, for cadaver remains where color differences
"could not be detected, segregation was done by observing the
sim•larities of color patterns.

•i•bough it Is rt possible to render quantitative predictions
or probability values from this ultra-violet analysis, the study

"- has demonstrated that wben other techniques for the segregation
of ccamingled skeletal remains have failed, short wave ultra- 4
"violet irradrtio- is a possible supplement. -
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DEPARTMENT OF THE ARMY
U.S. ARMY SOLDIER SYSTEMS COMMAND

NATICK RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
NATICK, MA

REPLY TO 01760-5020
ATTENTION OF

Defense Technical Information Center
ATTN: DTIC-OCQ (Mr. Bill Bush)
8725 John J. Kingman Raod, Suite 0944
Ft. Belvoir, VA 22060-6218

20 Tuly 1998

Dear Mr. Bush,

At the request of Ms. Patti Bremner, Soldier Systems Command Technical Library,
I have reviewed the following technical report: "The Use of Short Wave Ultra-violet Rays
for the Segregation of Commingled Skeletal Remains"' dated August, 1958, AD 202 754,
and referenced as Technical Report EP-98, Environmental Protection Research Division,
Quartermaster Research & Engineering Center, Natick, Massachusetts.

The above report currently carries a limitation code #2, which restricts its
dissemination to government agencies and their contractors. After reviewing TR EP 98, I
believe the restriction on distribution is long outdated, and recommend that the distribution
code be changed to permit tthimitcd distribution.

Should you have any questions regarding this letter, or any of the Army's past or
present anthropology publications from Natick, please feel free to contact me directly at
DSN 256-5429.

Sincerely Yours,

CLAIRE C. GORDON, Ph.D.
Senior Anthropologist
Science & Technology Directorate

cf: Ms. Bremner
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